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Modified Olefin Polymers and 

We, Esso Research and Engineering 
Company, a Corporation duly organized and 
existing under the laws of the State of Dela- 
ware, United States of America, having an 
office at Elizabeth, New Jersey, United States 
of America, do hereby declare the invention 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described in 
and by the following statement: — 

This invention relates to modified olefin 
polymers which are suitable for use as additives 
in oleaginous compositions and, more particu- 
larly, relates to hydrocarbon oil compositions 
containing certain polymerization products of 
ethylene and alpha-olefins, especially propylene, 
which have been hydroxylated as hereinlater 
defined more fully. When added to oleaginous 
compositions, these modified olefin polymers 
improve said compositions with respect to 
viscosity index while exhibiting thickening 
potencies and shear stabilities superior to con- 
position is the rate at which its viscosity 

An important property of an oleaginous com- 
position is the rate at which its viscosity 
changes as a function of temperature. The 
relationship between the viscosity and tem- 
perature is commonly expressed in the art as 
the viscosity index (V.I.). Oleaginous composi- 
tions which change little in viscosity with varia- 
tions in temperature have a greater viscosity 
index than do compositions whose viscosity is 
materially affected by changes in temperature. 
It is readily apparent, therefore, that one of 
the major requirements of lubricating oils or 
other hydrocarbon oil products is their satisfac- 
tory viscosity-temperature characteristics. 
These characteristics are necessary in order 
that the oils will not lose their fluidity but 
will show an equally good performance within 
a relatively wide temperature range to which 
they may be exposed in service. The wider 
the possible temperature variations, the smaller 
should be the change in viscosity with tem- 
perature. Hence, the viscosity-temperature 

r- 



processes* for making them 

characteristics of a lubricant which is used in 
applications where wide variations in tempera- 
ture are encountered are of great importance 
and lubricant compositions having high vis- 
cosity indices are highly desirable. 50 

In refining natural petroleum oils or in pre- 
paring synthetic oils, it is economically feasible 
to improve their viscosity index only up to a 
certain maximum inasmuch as further treat- 
ment has only an additional negligible effect on 55 
viscosity index characteristics. Further marked 
improvement can be effected, however, by add- 
ing to said compositions various types of addi- 
tives for viscosity index improvement. In rais- 
ing the viscosity index of oleaginous composi- 60 
tions by additives, recourse has been made to 
the introduction of long-chain compounds of 
the nature of linear polymers; generally the 
highest V.I. increase being obtained from poly- 
mers of the greatest chain length. While such 65 
polymeric products have been generally satis- 
factory in V.I. improvement, there has, up to 
the instance of the present invention, been a 
limit to V.I. improvement without incurring 
concomitant limiting factors. 7 q 

For example, besides the attainment of V.I. 
improvement, consideration must also be given 
to the solubility of the polymer additive in 
the base composition, as well as the additive 
stability against breakdown under shear stresses 75 
encountered in its application. In the synthesis 
of polymeric V.I. agents to date, it has gener- 
ally been found that solubility and shear 
stability are inversely proportional to the mole- 
cular weight of the polymer. Since the greatest 80 
V.I. effect has been obtained from polymers 
of the highest molecular weight, effectiveness 
has, disadvantageous^, been sacrificed in order 
to insure proper stability in respect to resistance 
against shear stresses and to attain the desired 85 
solubility of the additives. Thus, the VJ. im- 
proving characteristic of additives has been un- 
desirably restricted by limitation of one of the 
aforementioned characteristics. 

Another feature of V.I. improvers is the 90 
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amount of additive necessarily utilized in order 
to attain the desired V.I. improvement. This 
measure of effectiveness of an additive, as re- 
flected by the amounts utilized, may be re- 
5 ferred to as the thickening potency of the 
additive. It is readily apparent, therefore, that 
in addition to effective VJ. improvement with 
accompanying shear stability, solubility, etc., 
it is highly desirable to prepare a VJ. im- 
10 prover which has a thickening potency such 
that smaller amounts of additive as compared 
to amounts conventionally employed can be 
utilized to attain the desired improvements. A 
further object of this invention is to provide 
15 lubricant compositions which exhibit superior 
properties, e.g., shear stability, thickening 
potency, solubility, etc., in addition to im- 
proved viscosity indices. Other objects and 
advantages of the invention will become appar- 
20 ent from the following description thereof. 

In accordance with the invention, a hydroxy- 
lated degraded rubbery polymer is produced 
by introducing at least one hydroperoxide 
radical into each responsive (as hereinafter 
25 defined) molecule of a rubbery polymer of an 
alpha monoolefin having a viscosity average 
molecular weight of up to 500,000 and contain- 
ing hydrogen atoms attached directly to ter- 
tiary carbon atoms, and reducing the thus 
30 hydroperoxidised rubbery polymer to a product 
having a viscosity average molecular weight 
of 10,000 to 150,000. 

By " responsive molecule is meant any mole- 
cule into which a hydroperoxide radical is in- 
35 troduced. 

The hydroperoxide radical may be intro- 
duced by an oxidising agent, such as a gas 
comprising oxygen, either in the presence or 
absence of free radical initiators. 
40 The hydroxy*ated degraded rubber polymer 
may be incorporated in an oleaginous composi- 
tion to impart to the composition favourable 
qualities of viscosity index, pour point and 
other benefits. 
45 In contrast to the detailed attention hereto- 
fore given to the improvement of oleaginous 
compositions through the use of polymers, co- 
polymers and terpolymers of alpha-mono- 
olefins prepared by means of conventional 
50 catalysts, e.g. Friedel-Crafts or Ziegler type 
catalysts, the present invention enables the 
required improvements to be made by modify- 
ing these known polymeric materials. 
The starting materials for the present inven- 
55 tion are polymers and copolymers of certain 
alpha-olefins and especially copolymers of 
ethylene and at least one alpha monoolefin 
said alpha-olefin having the structure 
R — CH=CH ; where R is an alkyl radical, 
60 branched or unbranched, preferably un- 
branched, and preferably having not more than 
eight carbon atoms. 

Representative examples of the preferred 
alpha-olefin having the structure R — CH=CH 2 
65 wherein R is a Q to C< alkyl radical include: 



propylene; 1-butene; 4-methyl-l-pentene; 1- 
pentene; 1-hexene; 1-heptene; 1-octene; 1- 
nonene; 1-decene; 5-methyl-l-nonene; 5,5-di- 
methyl-l-octene; 4-methyl-l-hexene; 4,4-di- 
methyl-l-pentene; 5-methyI-l-hexene; 4- 70 
methyl-l-heptene; 5-methyl-l-heptene; 6- 
methyl-l-heptene; 4,4-dimethyl- 1-hexene; and 
5,6, 6-trimethyl- 1-hcptene. 

Conventionally, these copolymers are pre- 
pared using Friedel-Crafts type catalysts or 75 
using the Ziegler type catalysts. These reac- 
tions are well known and are conventionally 
employed. Accordingly, the present invention 
is not predicated upon the particular catalyst 
system employed in preparing the copolymer 80 
starting materials. 

The copolymerization reaction of ethylene 
with at least one other olefinic monomer results 
in soluble copolymers in excess of 50 and up 
to about 500,000 viscosity average molecular 85 
weights. The catalytic systems, temperatures, 
pressures, reaction diluents, feedstock composi- 
tions and the like are described in detail in 
the prior art. The catalysts employed are com- 
plexes or mixtures of a reducing metal com- 90 
pound with a reducible metal compound. The 
preferred reducing metal compound is alumin- 
ium hydride or an organo aluminum compound 
having the general formula : 

(R),A1 (X) y 95 

where x and y are 1 or 2 and the sum of x 
plus y is 3, each R is a hydrogen atom, a 
C x — Cc alkyl or aryl radical and X is a hydro- 
gen or halogen atom or an alkoxy, aryloxy, 
secondary amino, amido, mercapto group, and 100 
the like. Specific examples of such aluminum 
compounds are: aluminum triethyl, aluminum 
trimethyl, aluminum triisopropyl, aluminum 
diethyl chloride, aluminum diethyl bromide, 
aluminum ethyl dichloride, aluminum ethyl 105 
dibromide, ethyl aluminum dihydride, diethyl 
aluminum hydride, ethoxy aluminum diethyl, 
aluminum diphenyl chloride, aluminum tri- 
phenyl and aluminum hydride. The preferred 
aluminum compounds are diethyl aluminum 110 
chloride and an admixture of diethyl aluminum 
chloride with ethyl aluminum dichloride. 

The reducible metal compound is a com- 
pound of a metal selected from the group 
consisting of: IVa, Va, Via, and VII of the 115 
Periodic Chart of the Atoms as described 
by Henry D. Hubbard, 1956 revised edition. 
Such elements include: titanium, zirconium, 
hafnium, thorium, uranium, vanadium, tanta- 
lum, chromium, molybdenum, tungsten, iron, 120 
cobalt, nickel and the like. Examples of the 
compounds of these metals which may be used 
include the chlorides or bromides or oxy 
chlorides or oxy bromides oxides and hydrox- 
ides, alcoholates, acetates and benzoates. The 125 
preferred salts arc titanium tetrachloride, titan- 
ium oxychloride, vanadium tetrachloride and 
vanadium oxychloride. The catalyst mixture 



is prepared by simply mixing the aluminum 
compound with the reducible heavy metal com- 
pound in the presence of an inert organic re- 
action diluent. At least 1 mole of the metal 

5 compound having reducing properties is ad- 
mixed per mole of reducible metal compound. 
Preferably the molar ratio of the reducing 
metal compound to the reducible metal com- 
pound is in the range of 1.5:1 to 6:1. A 

10 sufficient amount of this catalytic mixture is 
added so that 0.2 to 15 wt. % of the catalyst 
components are present in the reaction mixture. 

The polymerization reaction is carried out 
generally in the range of between 60° and 100° 

15 C. with agitation at atmospheric pressure or 
under superatmospheric pressures up to as 
high as 2000 psig. The time of reaction varies 
between about 0.2 and about 15 hours, pre- 
ferably between about 0.5 and about 5 hours. 

20 The amounts of ethylene to alpha-olefin fed 
to the reaction may vary between 15 mole 
% to 85 mole % alpha-olefin, preferably be- 
tween 30 mole % and 60 mole % alpha- 
olefin. 

25 In the case of the preparation of the ter- 
polymers, the two monomeric feed components 
used in making the ethylene-propylene copoly- 
mer are usually employed and the same catalyst 
reaction conditions, etc. are employed. In addi- 

30 tion, however, in the case of the terpolymer, 
a third unsaturated monomer, namely non- 
conjugated diolefin, is employed which may 
be one or more of the following: cyclopenta- 
diene, 2-methylene-5-norbornene, a noncon- 

35 jugated hexadiene, or any other alicyclic or 
aliphatic nonconjugated diolefin having from 
6 to 15 carbon atoms per molecule such as 2- 
methyl norbornadiene, 2,4-dimethyl-2,7-octa- 
diene, and 3-{2-methyl-l-propene) cyclopen- 

40 tene. The aforementioned terpolymers are also 
well known in the art. The amount of the 
third monomer present in the feed is usually 
within the range of between 0.5 and 20 mole 
%, preferably between 1 and 7 mole %, based 

45 on the total amount of ethylene and propylene 
present. 

Both with regard to the copolymerization 
and terpolymerization reaction, the preferred 
reaction conditions involve the use of various 

50 solvents as the organic diluent and reaction 
medium. Various solvents may be used in the 
copolymer preparation and they include 
aliphatic, naphthenic, aromatic and halogenated 
hydrocarbon solvents, mineral oils, or an excess 

55 of the higher alpha-olefin such as propylene 
may be used. Examples of solvent include n- 
hexane, heptane, propane, cyclohexane, 
benzene, toluene xylenes, tetrachloroethylene, 
decalin and chlorobenzenes, preferably, n- 

60 hexane. 

The use of a temperature of about 70° C, a 
pressure of about 60 psig, a time of reaction 
of about 30 minutes: using 0.2 wt % in the 
reaction mixture of a catalyst composed of 1 

65 mole of vanadium oxytrichloride and 4 moles 



of diethyl aluminum chloride. A typical feed- 
stock in the case of the copolymerization re- 
action involves about 50 wt. % of ethylene 
and about 50 wt % of propylene and in the 
case of a terpolymerization, about 48 wt. % 70 
ethylene, about 48 wt. % propylene, and about 
4 wt % 2-methylene-5-norbornene. Typically 
the copolymer has a viscosity average molecular 
weight of about 150,000 in which the range 
or distribution of molecular weight is, as men- 75 
tioned, between about 50 and about 500,000. 
Typically a terpolymer, under these conditions, 
also has a viscosity average molecular weight 
of about 150,000 with a molecular weight 
range distribution of between about 50 and 80 
about 500,000. 

The ethylene monomer unit concentration 
in the copolymer ranges in general from 20% 
to 85% by weight, preferably 30% to 75% 
by weight. Copolymers having concentrations 85 
of ethylene monomer units outside these ranges 
tend to be insoluble in lubricating oils, fuels, 
and the like. The third monomer component 
generally comprises no more than 20 mole % 
of the terpolymer, e.g. 05 to 20 mole % and 90 
preferably 1 to 7 mole %. 

In accordance with this invention, the here- 
tofore mentioned copolymers, for example, 
rubbery ethylene-propylene copolymers, or ter- 
polymers, for example, the rubbery terpolymer 95 
of ethylene, propylene and methylene norbor- 
nene, may be subjected to a controlled oxida- 
tion using molecular oxygen or a gas such as 
air which contains molecular oxygen with or 
without the aid of substances which have here- 100 
tofore been employed and are known as free 
radical initiators. Such free radical initiators 
which may be employed may be represented 
for example, by ozone, hydroperoxides, e.g. 
cumene hydroperoxide, p-methane hydroper- 105 
oxide and t-butyl hydroperoxide, peroxides, 
e.g. dicumyl peroxide, benzoyl peroxide, azo 
compounds, e.g. azo-bis(isobutyronitrile), per- 
acids, peresters, persulfides, and the like. 

The controlled oxidation may be carried out 110 
preferably, although not necessarily, in the 
presence of a suitable solvent such as benzene, 
chlorobenzene, tertiary butyl benzene, normal 
pentane, normal hexane, normal heptane or, 
when using a solvent which is not as inert as 115 
those mentioned but which will itself be oxi- 
dized such as cumene, diisopropyl benzene, or 
decalin; the starting material, i.e., material to 
be oxidized may be any one of the heretofore 
mentioned polymeric materials which contain 120 
at least 1, and preferably 7 tertiary carbon 
atoms per molecule, which tertiary carbon 
atoms contain a hydrogen atom directly con- 
nected thereto. 

The solution is usually maintained at a 125 
temperature between 40° and 150° C, pre- 
ferably, between 50° and 70° C, for a period 
of time ranging between about 1 hour and 24 
hours, preferably, between about 2 hours and 
about 9 hours. It is found that the more 130 
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vigorous the oxidation conditions and the 
longer the reaction period, the larger the 
amount of oxygen, e.g. in the form of hydro- 
peroxide (HOO) radicals, introduced into the 
5 starring material. The reaction conditions may 
be varied over considerable ranges and the 
correlation may be varied between the tem- 
perature of the reaction and the time of re- 
action. 

10 The present invention also contemplates oxi- 
dation reactions utilizing oxidizing agents with- 
out the use of air but which serve to de- 
grade the polymers. Illustrative of these well- 
known agents include nitric oxide, (N = 0 4 ), 
15 peracids, peroxides, cupric salts, etc. 

Generally, it is sufficient if at least 1 hydro- 
peroxide radical (HOO) is introduced into 
each responsive molecule (as hereinbefore de- 
fined) of the starting material. The amount of 
20 oxygen introduced preferably ranges from 1 
to 50 millimoles of hydroperoxide groups 
(HOO) per 100 grams of polymeric product 
and, preferably 2 to 20 millimoles as deter- 
mined iodometrically. It is conceivable that 
25 some of the oxygen introduced into the poly- 
mer molecule is introduced in the form of 
peroxides, peracids, and the like, in addition 
to the hydroperoxides introduced. As mention- 
ed, in order to attain the desired utility of 
30 the final products produced, i.e. as additives 
in oleaginous compositions, it is expedient that 
a sufficient number of tertiary carbon atoms 
containing hydrogen atoms attached directly 
thereto are present in each molecule so that 
35 a degradation or cleavage of the polymeric 
chains can be effected to substantially reduce 
the molecular weight of the original starting 
material. 

In accordance with this invention, the 
40 hydroperoxidized material is subsequently re- 
duced by contacting such material, while still 
in solution or suspension or as a solid, with a 
reducing agent. A suitable reducing agent is 
one which is capable of reaction with hydro- 
45 peroxide groups on the polymer. Applicable 
methods for reducing the hydroperoxide groups 
include reaction with sodium sulfide, lithium 
aluminum hydride, sodium borohydride, ter- 
tiary phosphines, methyl phosphite, hydrazine 
50 hydrate, aluminum amalgam, alkaline sodium 
sulfide, hydroiodic acid, zinc dust-acetic acid, 
and the like. Reaction with acids or alkali as 
well as thermal treatment, may also remove 
active oxygen-containing groups, e.g. hydro- 
55 peroxide groups from the oxidized polymer. 
Removal of these groups is desirable, since 
the polymer is less reaciive after reduction 
and may be conveniently stored without further 
reaction taking place. 
60 The final polymeric product may be re- 
covered from solution by steam distillation of 
the solvent or by precipitation with an acetone- 
methanol mixture (3 : 1) or by any other suit- 
able method and is subsequently dried, for ex- 



ample, in a vacuum. The product produced 65 
by the oxidation-reduction procedure is an oil- 
soluble product of lower molecular weight than 
the starting polymer, copolymer or terpolymer. 
The molecular weight depends on the extent 
and conditions employed during tie oxidation 70 
and reduction. Ultimately, upon reduction of 
the hydroperoxidized polymers, hydroxylated 
and fragmented or degraded polymeric mater- 
ials are formed which have viscosity average 
molecular weights of from about 1/3 to about 75 
1/10 the molecular weight of the original 
material, i.e. have a viscosity average mole- 
cular weight of about 10,000 to about 150,000, 
preferably 25,000 to 100,000. The amount of 
active oxygen-containing groups, groups con- 80 
taining oxygen as hydroxyl groups (OH) is 
essentially the same after reduction as prior to 
reduction and thus is preferably in the range 
of from 1 to 50 millimoles per 100 grams of 
polymer, more preferably 2 to 20 millimoles. 85 
Examination of the polymers by the infrared 
spectroscopy shows that oxygenated groups in- 
troduced during a polymer oxidation are re- 
tained during reduction. Essentially no active 
oxygen in the form of hydroperoxides, per- 90 
oxides, or peracids, however, is detected after 
reduction by any of the preferred methods. 

Illustrative of the foregoing, is an ethylene- 
propylene rubbery copolymer w p hich is sub- 
jected to the aforementioned oxidation and 95 
subsequent reduction to yield polymeric frag- 
mentation or degradation products containing 
hydroxyl groups with minor amounts of car- 
boxyl, keto and aldehyde groups and having 
a viscosity average molecular weight ranging 100 
between about 20,000 and about 60,000. 

The modified polymers of this invention 
may be employed as additives in concentra- 
tions of 0.01 to 10 wt. preferably between 
0.5 and 5.0 wt. % based on the oleaginous 105 
composition being treated, so as to accom- 
plish the desired objects. It is to be under- 
stood that such ranges are flexible and will 
be determined by the particular character of 
the oleaginous composition to which the addi- 110 
tive is added. However, no more copolymer or 
terpolymer will be added than will be in 
solution in the oleaginous composition. Typic- 
ally such additives are sold as concentrates 
when the additive is present in amounts of 115 
from 5 to 50 wt. preferably 10 to 25 wt. 

weight percent based on the total amount 
of the solvent employed for the additive, e.g., 
mineral oils, hexane, heptane and the like. 

The copolymers or the terpolymers of the 120 
present invention can be employed alone in 
oleaginous compositions or, if desired, can be 
employed in combination with other viscosity 
index improvers in order to affect that char- 
acteristic of the base oleaginous composition. 125 
If desired, said copolymers or terpolymers may 
be employed in combination with other addi- 
tives, for example, pour point depressant, de- 
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tergent type additives, corrosion inhibitors, 
anti-oxidant, sludge inhibitors, metal deacti- 
vators, etc. 

While the disclosure has been directed to 
aii oleaginous composition comprised of a lub- 
ricating oil, it is to be understood that the 
present invention also contemplates that the 
additives defined herein may, if desired be 
employed with various other oleaginous com- 
positions such as, for example, gasoline, middle 
distillate fuels, transformer oils, greases, etc. 

The present invention also contemplates that 
the copolymers or terpolymers produced by 
the process described herein can be subjected 
to such after-treament as may be desired to 
fit them for particular uses or to impart desired 
ancillary properties. It is to be understood, 
therefore, that the copolymers or terpolymers 
utilized by the present invention can be sub- 
jected to chemical modifying treatments, such 
as halogenation, halogenation followed by de- 
halogenation, sulfohalogenation by treatment 
with sulfuryl chloride, or mixtures of chlorine 
and sulfur dioxide, sulfonation, as well as any 
other reaction to which hydrocarbons may be 
subjected. In addition, it is also contemplated 
that said copolymers or terpolymers can be 
blended with other copolymers or terpolymers 
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so as to impart various desired properties 
thereto. 

Example 1 

This example serves to illustrate preparation 
of a copolymer of this invention and the sub- 
sequent use thereof. 

An ethylene-propylene rubber prepared from 
50 mole % ethylene and 50 mole % propylene 
and having a viscosity average molecular 
weight of 106,000 was dissolved in 300 grams 
of cumene over a period of about 5 hours at 
60° C To this polymer solution was added 
10 grams of absolute methanol and 2.7 grams 
of cumene hydroperoxide. A stream of air con- 
taining 20 wt. % oxygen was introduced into 
the reaction mixture. At the end of 7 hours, 
the product was analyzed and found to con- 
tain 4.0 millimoles of HOO per 100 grams of 
product. After isolation by precipitation with 
methanol, the product was redissolved in 450 
ml n-heptane and reduced at a temperature 
of 25° C. for about 7|- hours using 13 wt. % 
aqueous solution of sodium sulfite which con- 
verted the hydroperoxide radicals into hydroxyl 
radicals. After precipitation and washing of 
the product, it was found to have a viscosity 
average molecular weight of 35,000. 

A base oil having the following inspections : 



flash point — 450° F. viscosity index — 100 

API gravity— 29.0 viscosity SUS at 100° F. —325- 

pour point — + 15° F. viscosity SUS at 210° F. — 50 



-340 



had added thereto about 3.6 wt. % of the 
degraded hydroxy ethylene-propylene copoly- 
mer. This gave an oil having a SUS viscosity 
at 210° F. of 139.5, a V.I. of 131.3 and a 
some breakdown of only 15.2%. The original 
ethylene-propylene rubbery copolymer, before 
treatment, when added to the same oil in the 
same amount on a strictly comparable basis 
gave an oil of 156.1 SUS at 210° F., a V.I. 
of 1G9.9, and a sonic breakdown of 30.7%. 

The sonic breakdown is a standard measure- 
ment for determining the shear stability of the 
novel oil compositions, the lower percentage 
reflecting that the compositions have the great- 
est resistance to shear breakdown and hence are 
the most stable under the automotive lubri- 
cating conditions. The sonic breakdown test 
method is intended solely for the examination 
of polymers to be used as V.I. improvers. 

In this method the sample under test is 
blended with an approved base stock to a 
viscosity at 210° F. of 15.0zt0J centistokes. 
A portion of the blend is subjected to sonic 
shearing forces at a specific power input and' a 
constant temperature for 15 minutes. Viscosities 
are determined on the blend both before and 
after the treatment; the decrease in viscosity 
after the treatment is a measure of the mole- 
cular breakdown of the polymer under test. 

There will be an appreciable daily variation 
in the severity of the test It is therefore 
customary to examine a blend of a standard 



sample of known behavior each time a test is 
made, and to use this as a reference to estab- 
lish the correct value for the sample under 
test. The corrected value is reported as the 
Percent Sonic Breakdown. 

Example 2 
This example illustrates the importance of 
sufficient oxidation of the starting polymer so 
as to attain the desired utility hereinbefore 
set forth. 

Ethylene-propylene copolymer of a viscosity 
average molecular weight of 251,000 was per^ 
oxidized by bubbling air through cumene solu- 
tion of the polymer (6.0 wt. % concentration'* 
for 7 hours at 60° C. There was also present 
in the reacting mixture 0.8 wt. % of cumene 
hydroperoxide and 1.9 wt. % absolute meth- 
anol. The ethylene-propylene copolymer hydro- 
peroxide was precipitated from a methanol 
solution, washed thoroughly, and dried in a 
vacuum oven. It contained 3.89 millimoles of 
HOO per 100 grams of polymer. A heptane 
solution of the hydroperoxide was then treated 
with an aqueous solution (concentration 14.0 
wt. %) of sodium sulfite and the heterogeneous 
mixture was vigorously stirred at room tem- 
perature for 7 hours. The aqueous layer was 
removed and the heptane layer was washed 
thoroughly with water. The hydroxyl contain- 
ing degraded ethylene-propylene copolymer 
had a viscosity average molecular weight of 
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over 100,000. It was likewise employed in the 
amount of 3.6 wt. % in a mineral lubricating 
oil similar to that described in Example 1. 
It was too viscous at this concentration to 

5 find utility as a V.L improver; a 1.0% solu- 
tion gave a VX of 135.8, an SUS viscosity at 
210° F. of 627, and an extremely high sonic 
breakdown of 44 % . 
Material similar to the above material was 

10 then tested but the peroxidation time was in- 
creased from 7 hours to 24 hours using the 
same temperature, i.e., 60° C. This gave a 
hydroperoxide derivative containing 45.2 milli- 
equivalents of HOO per 100 grams of sample. 

15 This material, upon being reduced with sodium 
sulfite and being blended with the same base 
oil and in the same amount as before stated, 
gave the following results: viscosity index 131, 
viscosity of composition 73.0% SUS at 210° 

20 F., and sonic breakdown 3.0%. 

The criticality of suitable oxidation is 
deemed readily apparent from the foregoing 
run. 

Example 3 

25 Two hydroxylated ethylene-propylene co- 
polymers similar to that of Example 1 and 



having viscosity average molecular weights of 
26,000 and 40,000 were evaluated for certain 
physical properties, e.g. as to shear stability as 
represented by sonic breakdown and by two 30 
engine tests. 

The test base oil utilized, a paraffinic type 
base oil, of about 54.3 SUS at 210° F. and 
about 190 SUS at 100° F. and having a 
viscosity index of about 109, contained 10.5 35 
wt. % of the hydroxylated ethylene-propylene 
degraded copolymer, or polyisobutylene, etc., 
additive to be tested; 0.9 wt. % of a 300 
base number overbased calcium sulfonate 
(Bryton (Registered Trade Mark) C— 300) ; 3 .8 40 
wt. % of a nitrogen-based ashless dispersant; 
1.3 wt. % of a zinc dialkyl dithiophosphate; 
and 0.5 wt. % of a commercially available 
lubricating oil pour depressant. 

In order to compare the shear stability of 45 
the additive of this invention with the conven- 
tional additive, the hydroxylated ethylene- 
propylene copolymer was compared with a 
commercially available polyisobutylene V.I. 50 
improver. The resulting data are as follows: 



Kinematic Viscosity 
(centipoises) 



Additive 100 °F. 210 °F. V.I. 



HO — E — P (40,000 Mol. Wt.) 146.50 20.75 136 

HO— E— P (26,000 Mol. Wt.) 119.40 16.40 133 

Polyisobutylene 74.58 11.57 136 



The same two oil compositions of this in- novel oil compositions in a standard L — 38 

vention were subjected to CRC — L — 38 engine engine test. All products satisfactorily passed 

55 tests in order to determine the bearing weight this test. The results are as follows: 
loss in milligrams resulting from a use of the 

L — 38 Test Results 

Polymer Bearing Wt. Loss (mg.) 

60 — - — i 

HO— E— P (40,000 Mol. Wt.) 38.3 
HO— E— P (26,000 Mol. Wt.) 25. 1 



A Cyclic Temperature Sludge Test was 
carried out to determine the sludge dispersant 
properties of each of the copolymeric products. 
This standardized sludge test may be described 

65 as follows: The Cyclic Temperature Sludge 
Test is designed and is to subject test oils to 
conditions which have been shown to give 
sludge deposits similar to those obtained in 
stop-and-go driving such as would be ex- 

70 perienced in taxicab operation. Briefly de- 
scribed, in this test a Ford 6-cyIinder engine 
is run on a dynamometer stand through alter- 
nate cycles, the first cycle lasting five hours, 



at 1500 rpm, and the second cycle lasting two 
hours, at the same operating speed, with the 75 
oil sump and water jacket temperatures being 
slightly higher in the second cycle than in 
the first. The two cycles are alternated in 
sequence until the desired total test time has 
elapsed. Make-up oil is added as required so 80 
as to maintain the oil level in the crankcase 
at all times between about 3J and 4 quarts. 
At the end of selected periods of test time, 
the engine is inspected by disassembling it 
sufficiently to permit visual examination of 85 
several of the parts, including the rocker arm 
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assembly, the rocker arm cover, the cylinder 
head, the push rod chamber and its cover, the 
crankshaft and the oil pan. These pans are 
visually and quantitatvely rated for sludge de- 

5 posits, using a CRC sludge merit rating system 
in which a numerical rating of 10 represents 
a perfecdy clean part, and the numerical scale 
decreases to a minimum value representing a 
part covered with the maximum amount of 

10 sludge possible. The several merit ratings are 
averaged to give an overall engine merit rating. 

The oil employed in this Cyclic Temperature 
Sludge Test was a neutral solvent extracted 
Mid-Continent oil having a flash point of 450° 

15 F., an API gravity of 29.0, a pour point of 
+ 15° R, a viscosity index of 100 3 and a 
viscosity of 325—340 SUS at 100° F. and 50 
SUS at 210° F. In making up the test base oil 
there was added 0.9% of the heretofore men- 

20 tioned zinc salt of the specific dialkyl dithio- 
phosphoric acid. There was also added to the 



base oil 3.5 wt. % of a colloidal dispersion of 
barium carbonate and barium nonyl phenate 
stabilized by a phosphosulfurized polyiso- 
butene as a dispersant. The composition was 25 
prepared by admixing nonyi phenol with 
barium hydroxide and phosphosulfurized poly- 
isobutylene so as to produce the barium nonyl 
phenate and the mix was finally blown with 
carbon dioxide so that the excess unreacted 30 
barium was converted into barium carbonate. 
This is a well known and conventionally em- 
ployed antioxidant and detergent for lubricat- 
ing oils. 

This test base oil, under comparative con- 35 
ditions, was then subjected to the Cyclic Tem- 
perature Sludge Test; two portions of the oil 
containing 1% by weight of hydroxylated 
copolymers referred to above and the o^her 
aliquot containing 1% by wt. of polyiso- 40 
butylene (Mv 130,000). The sludge merit rat- 
ings were as follows: 



4—103 Cyclic Temperature Sledge Test 



Sludge Merit Rating 

HO— E— P HO— E— P Polyisobutylene 
Hours (40,000 Mv) (26,000 Mv) (130,000 Mv) 



21 


9.87 


9.93 


10.0 


105 


9.05 


9.62 


9.76 


147 


8.60 


9.26 


9.10 


189 


8.20 


8.9 


7.50 


210 


7.80 


8.1 


6.95 


231 


7.60 


7.5 


6.0 


252 


7.20 


6.9 




273 


6.80 


6.6 





The results are graphically compared in the 
accompanying drawing which is incorporated 
herein by reference. From these results it is 
readily apparent that the copolymers within 
the scope of this invention evidence unobvious 
improvements over conventional additives. 



Example 4 
A number of hydroxylated ethylene-propyl- 
ene copolymers were prepared in accordance 
with the method of Example 1 and compared 
with an unmodified ethylene-propylene copoly- 
mer and with polyisobutylene. The comparative 
data are as follows : 



3.6 Wt. % Polymer in 
Barosa 43C 1 ) 


V.I. 


Thickening 
Power (2) 
(SUS @ 210°F.) 


% Sonic 
Breakdown 


Hydroxylated Et— Prop. Copoly. 


131.3 


139.5 


15.2 


Hydroxylated Et-Prop. Copoly. 


131.2 


166.3 


11.5 


Hydroxylated Et-Prop. Copoly. 


130.0 


154.6 


12.5 


Et. — Prop. Copoly. 


109.9 


356.1 


30.7 


Polyisobutylene 


137.1 


103.6 


27.6 



Q) Barosa 43: a mixed paraffinic and naphthenic oil of 5.46 cs. at 210°F. 

0) Thickening power: the viscosity of a Barosa 43 oil containing 2% polymer by weight. 



8 
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The hydroxylated copolymers evidence soluble in lubricating oil, can be rendered 

gr< ?.?: r thic ^ning power and improved shear soluble and more effective than polyisobutyl- in 

stability as evidenced by sonic breakdown upon cne, as a V.I. improver, by being gently oxi- 

companson with little or no effect on V.I. dized with any one of a plurality of oxidizing 

improvement characteristics. agents, and then reduced. The reduction is 

Example 5 effected in the same manner as in Example 1. 

This example presents data to show that The term * Mv as used herein, refer* to 15 

ethylene-propylene rubber, which is hardlv viscosity average molecular weight 



Run 


Catalyst 


Cone. 
(wt.%) 


Base Stock 


KV100 


KV210 


V.I. 


% Sonic 
Breakdown 


1 


Cumene 

Hydroperoxide — air 


3.6 


Barosa 43 


238.2 


29.37 


131 


15.2 


2 


Cumene 

Hydroperoxide — air 


3.6 


Earosa 43 


274.5 


32.75 


130 


12.5 


3 


Vazo-air 


1.0 


Ref. Oil 150A* 


88.0 


12.14 


128 


27.0 


4 


t-butyl peroxide 


1.0 


Ref. Oil 150A* 


176.5 


24.22 


135 


66.0 


5 


N 2 Oj 


0.7 


Ref. Oil 150A* 


89.0 


12.54 


130 


61.0 


6 




0.8 


Ref. Oil 150A* 


89.0 


12.48 


130 


55.5 


7** 




2.0 


Ref. Oil 150A 


84.5 


11.89 


130 


25.0 



* ^JfoTrP 11 ^S&J? a soIvent extracted, neutral, paraffinic type oil of about 46.53 SUS at 210 A F. and 
loy.y oUb at 100 "F. 



** 



Polyisobutylene (Mv 130,000). 



20 



25 



30 



35 



40 



45 



These products are all more potent thickeners 
than polyisobutylene and have viscosity indices 
which are comparable to polyisobutvlene. In 
several instances they have lower sonic break- 
downs. 

WHAT V/E CLAIM IS : — 

1. A process for producing a modified olefin 
polymer which comprises introducing at least 
one hydroperoxide radical into each responsive 
molecule (as hereinbefore defined) of a rubbery 
polymer of an alpha monooiefin having a 
viscosity average molecular weight of up to 
500,000 and containing hydrogen atoms 
attached direcdy to tertiary carbon atoms, and 
reducing the thus hydroperoxidised rubbery 
polymer to a hydroxylated degraded polymer 
product having a viscosity average molecular 
weight of 10,000 to 150,000. 

2. A process according to claim I in which 
the hydroperoxide radical is introduced by 
means of an oxidising agent. 

3. A process according to claim 2 in which 
the oxidising agent is a gas comprising oxygen. 

4. A process according to claim 2 or claim 
3 in which the hydroperoxide radical is intro- 
duced by the oxidising agent in the presence 
of a free radical initiator. 

5. A process according to any preceding 
claim in which the rubbery polymer is in solu- 



tion when the hydroperoxide radical is intro- 
duced. 

6. A process according to any preceding 
claim in which the rubbery polymer contains 
20 to S5 wt. ethylene, the remainder being 
propylene. 

7. A process according to any preceding 
claim in which the hydroperoxidised polymer 
is reduced by triethyi phosphite. 

8. A process according to any of claims 1 
to 6 in which the hydroperoxidised polvmer 
is reduced by sodium sulphite. 

9. A process according to claim 1 and sub- 
stantially as hereinbefore described. 

10. A process according to claim 9 and sub- 
stantially as hereinbefore described with re- 
ference to Example 1 or Example 2. 

11. A hydroxylated degraded rubbery poly- 
mer produced by the process of any one of 
the preceding claims. 

12. A hydroxylated degraded rubbery poly- 
mer according to claim 11 in which the com- 
bined oxygen content is at least 1 millimole 
per 100 grams of polymer. 

13. A hydroxylated degraded rubbery poly- 
mer according to claim ! J or claim 12 having 
a viscosity average molecular weight of 25,000 
to 100,000. 

14. A hydroxylated degraded rubbery poly 



50 



55 



60 
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mer according to any of claims 11 to 13 which 
has been formed from a rubbery ethylene- 
propylene copolymer. 

15. A hyaroxylated degraded rubbery poiy- 
5 mer according to any of claims 11 to 13 which 

has been formed from a rubbery terpolymer of 
ethylene, propylene and a non-conjugated di- 
olefin. 

16. A hydroxylated degraded rubbery poly- 
10 mer according to claim 15 in which the non- 
conjugated diolefin forms 05 to 20 mol % of 
the said terpolymer. 

17. A hydroxylated degraded rubbery poly- 
mer according to any of claims 11 to 16 in 

15 which the combined oxygen content is 2 to 20 
millimoles per 100 grams of polymer. 

18. A hydroxylated degraded rubbery poly- 
mer according to claim 11 and substantially 
as hereinbefore described. 

20 19. A hydroxylated degraded rubbery poly- 
mer according to claim 18 substantially as here- 
inbefore described with reference to any one 
of the embodiments in the Examples. 

20. An oleaginous composition comprising a 



hydroxylated degraded rubbery polymer in 25 
accordance with any one of claims 11 to 19, 
and a hydrocarbon ofl. 

21. A composition according to claim 20 
comprising 0.01 to 10 wtJ% of the hydroxyl- 
ated degraded rubbery polymer. 30 

22. A composition according to claim 21 
comprising 0.5 to 5 wt.% of the hydroxyl- 
ated degraded rubbery polymer. 

23. A composition according to any of claims 

20 to 22 in which the hydrocarbon oil is a 35 
mineral lubricating oiL 

24. An oleaginous composition according to 
claim 20 substantially as hereinbefore de- 
scribed. 

25. An oleaginous composition comprising a 40 
hydrocarbon oil and a hydroxylated degraded 
rubbery polymer substantially as hereinbefore 
described with reference to any one of the Ex- 
amples. 

K. J. VERYARD, 
15 Suffolk Street, S.W.I, 
Agent for the Applicants. 
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